The chicken ovomucoid gene has been isolated by screening a chicken DNA library with a plasmid containing ovomucoid mRNA sequences. Twelve recombinant phages carrying ovomucoid mRNA sequences were isolated. Two of them, extending farthest into the 5 1 and 3 1 direction respectively, were characterized by restriction mapping and Southern hybridization as well as by electron microscopic analysis of hybrids between the cloned DNA and ovomucoid mRNA. Seven intervening sequences interrupt the ovomucoid mRNA sequence in chromosomal DNA. From these data a minimal size of 5.6 kb can be estimated for the length of the ovomucoid gene.
INTRODUCTION
Steroid hormones regulate the synthesis of the egg-white proteins ovalbumin, conalbumin, ovomucoid and lysozyme by control of the respective mRNA content in the tubular gland cells of the oviduct (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Using isolated nuclei to determine the rate of synthesis of egg-white protein mRNA sequences we have shown that the accumulation of the egg-white protein mRNAs results from an increased rate of transcription of their respective genes (9, 11, 12) . These findings have been recently confirmed by other groups (10, 13, 14) . In addition to the rate of transcription of the egg-white protein genes, estrogens selectively control the stability of these mRNAs (15) (16) (17) . In order to elucidate the mechanisms by which steroid hormones regulate the activity of the egg-white protein genes, intensive efforts have been made to study the structure of the ovalbumin gene (18, 19) , the lysozyme gene (20, 21 and W. Lindenmaier et al., submitted) and the ovomucoid gene (22 and this communication) . We expect that a comparative analysis of the structure of the egg-white protein genes will provide some insight into the processes by which steroids control the expression of specific genes.
MATERIALS AND METHODS
Cloning of chicken ovomucoid structural gene sequences.
Construction and isolation of plasmids carrying ovomucoid mRNA sequences was done as described (23) . Briefly, double stranded cDNA was synthesized from oviduct poly(A) containing mRNA enriched for ovomucoid mRNA. The. double stranded cDNA was inserted into the BamHI site of the plasmid pBR322 using chemically synthesized DNA linkers containing the BamHI cleavage site. After transformation of E.coli K12 x 1776 , colonies carrying ovomucoid DNA were identified by hybridization with cDNA synthesized from highly purified mRNA (24) . The cloned ovomucoid DNA contained in the plasmid pom-48 was characterized by comparing its restriction endonuclease cleavage map with that of double stranded ovomucoid cDNA synthesized with AMV reverse transcriptase (23 DNA using the in situ hybridization method of Benton and Davis (26) . About 10.000 phage were plated per Petri dish (9 cm diameter) . Phage containing ovomucoid gene sequences were plaque purified (25) and amplified. For the isolation of DNA, recombinant phage were grown and purified as described (27) . The purified phage were dialysed against 0.5 M NaCl, 20 mM Tris HC1, pH 7.4, 0.1 mM EDTA and treated with pronase for 1 h at 37 °C. After phenol extraction the phage DNA was dialysed against 10 mM Tris HC1, pH 7.5, 0.1 mM EDTA.
Restriction endonuclease mapping of the cloned DNA. DNA of the recombinant phages was cleaved with the restriction enzymes indicated in the figure legends. The fragments were separated on 1.0% agarose gels. The gels were then stained with ethidium bromide, photographed, and the DNA was transferred to nitrocellulose filters (28) Electron microscopy. Heat-denatured cloned DNA was hybridized to partially purified ovomucoid mRNA for 3h at 58 °C in 80% formamide, 0.4 M NaCl, 0.05 M Pipes, pH 6.8 (29) . The hybrids were prepared for electron microscopy by the cytochrome spreading technique. Samples were shadowed with Pt-Pd-alloy. Single stranded 0x174 DNA and double stranded ColE1 DNA were used as length standards.
RESULTS

Characterization of the plasmid pom-48
Recombinant plasraids carrying ovomucoid mRNA sequences were constructed and isolated using the procedures described (23) . One of the clones, pom-48, containing 410 nucleotides of double stranded cDNA, was characterized in more detail by comparing its restriction map with that of double stranded ovomucoid cDNA (Fig. 1) . Restriction enzymes (EcoRI, HphI, MboII, PstI and Hindu) which cut the inserted DNA, cleave the double stranded cDNA in equivalent positions. However, only one of the two Hindi! cleavage sites present in the cloned DNA has been observed in the double stranded ovomucoid cDNA. The location of the cleavage sites of pom-48 is in accord with the restriction map of the ovomucoid cDNA plasraid constructed by Stein et al. (30) . As can be seen from the restriction maps shown in Fig. 1 the inserted DNA in pom-48 contains 4OO bp in 5'-direction from the BamHI site of the structural gene. We estimate by comparison with the length of double stranded cDNA that about 3OO bp are missing from the 5'-end and about 1OO bp from the 3' portion of the ovomucoid mRNA sequence.
Isolation of recombinant phage containing ovomucoid gene sequences.
A chicken DNA library was screened for clones containing ovomucoid gene sequences using the in situ hybridization method of Benton and Davis (27) Fig. 1 Restriction maps of ovomucoid double stranded cDNA and of ovomucoid DNA contained in the recombinant plasmid pom-48. The cleavage sites for the restriction enzymes BamHI, HphI, EcoRI, MboII, PstI, Hinfl and Hindi! were mapped by single and double digestion in the inserted ovomucoid mRNA sequence (indicated by the bar) of the recombinant plasmid pom-48 (a). A map for these enzymes (except Hinfl) was also constructed for double stranded ovomucoid cDNA (b). The sites were localized and the direction of transcription was determined by digestion of the double stranded cDNA and subsequent electrophoresis of the fragments under non-denaturing and denaturing conditions. The arrow indicates direction of transcription.
Charon 4A were generated by partial digestion of erythrocyte DNA in order to produce overlapping fragments. Since 8 x 1O 5 independent clones had been generated we expected that screening for recombinant phages containing ovomucoid gene sequences would result in isolation of phage carrying fragments with ovomucoid mRNA sequences and adjacent DNA regions on the 5' and 3' sides of the ovomucoid gene. (Fig. 2,  lane 2) . A fragment of 13.7 kb was also seen when EcoRI fragments of chromosomal DNA were analyzed by hybridization with labeled DNA from pom-48 (data not shown). EcoRI digestion of Xomu6 DNA produced one fragment 1.8 kb in length which hybridized to the ovomucoid cDNA plasmid probe (Fig. 2, lane 3) .When ovomucoid cDNA was used as a probe, a fragment of 6.6 kb hybridized in addition to the 1.8 kb fragment (Fig. 2, lane 4) .pan-48 only contains sequences 5' to the BamHI site of the structural gene and 15 bp lie between the EcoRI and BamHI site (Fig. 1) . Therefore, the 13.7 kb EcoRI fragment of XomulO and the 1.8 kb EcoRI fragment of Xomu6 should contain the portion of the mRNA sequence located in 5' direction of the EcoRI site of the structural gene. The 6.6 kb fragment of Xomu6 and the 0.4 5 kb fragment of XomulO hybridizing to ovomucoid cDNA but not to pom-48 DNA, may contain sequences from the 5' end or the 3' end of the mRNA. Restriction mapping and electron microscopic analysis of hybrids between the cloned DNA and ovomucoid mRNA showed that the latter possibility is correct. Clones XomulO and Xomu6 were used for further analysis of the organization of the ovo-mucoid gene.
Restriction enzyme mapping of the ovomucold gene clones.
Restriction maps of clones AomulO and Xomu6 were constructed in order to precisely define the overlap of the chicken DNA contained in these two clones. The cleavage sites of EcoRI, BamHI and Kpnl were mapped by single and double digestions. The fragments obtained from these digestions were analyzed by agarose gel electrophoresis and hybridization to ovoraucoid cDNA after transfer of the DNA to nitrocellulose filters. Construction of the map shown in Fig. 3 was facilitated by two facts: a) fragments adjacent to the X Charon 4A arms could often be identified by virtue of their vector DNA components, b) the location and the relative order of fragments could often be established by a comparison of the patterns obtained from XomulO and Xomu6. X Charon 4A vector arms ; chicken DNA fragments of 13.7 and 0.45 kb. Digestion of Xorau6 DNA produced two fragments of 6.6 kb each, fragments of 1.8 kb and 1.35 kb and vector DNA fragments (Fig. 2) . The order of these fragments was determined by double digestions with EcoRI/Kpnl, EcoRI/BamHI and BamHI/Kpnl. The data are summarized in the restriction map of these two clones (Fig. 3) . As can be seen from the restriction map the two clones cover a total length of 28 kb of chicken DNA. A region of 2.25 kb is common to both clones, which comprises the 3' end of the mRNA sequence.
Electron microscopic mapping of the ovomucoid gene.
To study the structure of the ovomucoid gene, hybrid molecules between the cloned DNAs and ovomucoid mRNA were examined in the electron microscope. Heat-denatured cloned DNA was incubated with ovomucoid mRNA under conditions which favour the formation of RNA-DNA hybrids (29) . The micrograph of the hybrid with XomulO shows a double stranded region of about 8OO bp interrupted by seven single stranded loops (Fig. 4A) . The intervening sequence loops I and II appeared as a single loop in 50% of the molecules, suggesting that the structural gene sequence 2 between intervening sequences I and II is short. Hybrids of ovomucoid mRNA with DNA of Xomu6 display two single stranded loops (Fig. 4B) . The sizes of these 2 loops and the distance between them are very similar to the values determined for loops VI and VII in hybrids with XomulO DNA. The small single stranded tail, 230 nucleotides long, probably represents nonhybridized mRNA sequences. In order to correlate the electron microscopic data with the restriction mapping data we have examined hybrid molecules of ovomucoid mRNA with defined restriction fragments. This correlation allowed to position the mRNA sequence blocks in the cloned DNA. In Fig. 4C and D 
CONCLUSIONS
The structure of the ovomucoid gene.
The restriction and electron microscopic data have allowed us to define the structure of the ovomucoid gene (Fig. 5) . The ovomucoid gene sequences are separated by at least seven intervening sequences. They range in size from 50 to 150 bp whereas the intervening sequences range in size from 230 to 11OO bp. Similar conclusions on the structure of the ovomucoid gene have recently been made by analysis of a cloned EcoRI fragment of chicken DNA containing part of the ovomucoid gene (22) . Since there is evidence for a potential ovomucoid mRNA precursor (31) the ovomucoid gene is thought to be transcribed into a large RNA which is subsequently spliced. From our data the transcriptional unit should be at least 5.6 kb in size. It should be noted that the seven intervening sequences reported here represent a minimum number. DNA sequencing of the 5' and 3' ends of the mRNA and the corresponding regions in the geno- mic DNA are necessary to localize precisely the start and end of the mRNA sequence in the DNA.
No obvious similarities in the organization of three of the steroid-controlled egg-white protein genes can be discerned. The seven intervening sequences of the ovalbumin gene are clustered in the 5 1 half of the structural gene and a leader sequence is present (18, 19) . The lysozyme structural gene is interrupted by 3 intervening sequences (20, 21 and W. Lindenmaier et al., submitted), one of which is located in the 3' untranslated region of the mRNA sequence (20) . Elucidation of the structure of the egg-white protein genes has as of yet provided no information about the mechanism of the steroid-regulated expression of the egg-white protein genes.
BIOSAFETY CONDITIONS Isolation and growth of recombinant phages were done under L3/B2 conditions as specified by the "Richtlinien zum Schutz vor Gefahren durch in vitro rekombinierte NukleinsSuren" of the BMFT of the Federal Republic of Germany. These containment conditions are similar to the P3 + EK2 conditions of the NIH Guide-
